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Abstract

We have successfully synthesized a new 0201-type superconductor Sr2CuO2+dCl2�y under high pressure using the ‘‘apical oxygen dop-
ing’’ mechanism, i.e., partially substituting the oxygen for chlorine at the ‘‘apical’’ site. The X-ray diffraction refinements as well as elec-
tron microcopy observations suggest that the new superconductor crystallizes into a K2NiF4 structure with tetragonal unit cell of
a = 3.92 Å, c = 15.65 Å. Magnetic susceptibility as well as resistance measurement demonstrates the presence of a bulk superconductivity
with transition temperature (Tc) at 30 K in Sr2CuO2+dCl2�y superconductor.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Oxychloride cuprates, such as (Ca, Sr)2CuO2Cl2 parent
phases and (Ca,Na)2CuO2Cl2 superconductor, have
attracted much attention in recent years as ideal two-
dimensional model system materials in the high-Tc super-
conductors (HTSCs) [1,2]. These materials are isostructural
with (La, Sr)2CuO4, where the apical site relative to the
CuO2 plane is chlorine rather than the usual oxygen.
Fig. 1 shows a schematic structural model of Sr2CuO2+d-
Cl2�y, consisting of alternatively CuO2 planes and rock-salt
Sr-(Cl,O) blocks. Investigating these oxychloride cuprates
may provide new insights into the role of the apical oxygen
and the mechanism of the cuprate superconductors. To
produce superconductivity in these materials, hole carriers
can be introduced into the CuO2 planes by partially substi-
tuting the oxygen for chlorine at the ‘‘apical’’ site [3]. Here,
we present our recent research works on a high-Tc super-
conductor, Sr2CuO2+dCl2�y, induced by ‘‘apical oxygen
doping’’ under high pressure.
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2. Experimental

Polycrystalline samples with the nominal composition
Sr2CuO2+dCl2�y was synthesized at 6 GPa and 1050 �C
from Sr2CuO2Cl2 and Sr2CuO3 precursors prepared by
solid-state reaction. The SrO2 was used as an oxidizer to
induce apical oxygen in the high-pressure synthesis process.
The crystal structure of the sample was investigated using
the RIGAKU X-ray diffractometer, Rietveld analysis soft-
ware (Winplotr) and the electronic microcopy (TECNAI
F20). DC resistivity and magnetic susceptibility were mea-
sured by the standard four-probe method and SQUID mag-
netometer in an applied field of 20 Oe, respectively.
3. Results and discussion

It is demonstrated from XRD Rietveld analyses that the
crystal structure of the sample is tetragonal with space
group I4 mmm and lattice parameters being a = 3.92 Å,
c = 15.65 Å, essentially similar to that of the parent mate-
rial Sr2CuO2Cl2 (a = 3.9716(2) Å, c = 15.6126(2) Å).

To further reveal structural feature of the phase, high-
resolution transmission electron microscopy (HRTEM)
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Fig. 2. HRTEM images of Sr2CuO2+dCl1.2: (a) taken along [100]; (b)
taken along [110]. One unit cell is outlined using white lines in both
images. The distance between two rock-salt Sr bi-layers is shown in (a).
The corresponding ED patterns are inserted on the top right-hand corner
of the HRTEM images.

Fig. 3. Temperature dependence of the DC magnetic susceptibility for the
sample Sr2CuO2+dCl1.2. Inset is temperature dependence of electrical
resistivity for the Sr2CuO2+dCly.

Fig. 1. The schematic view of the crystal structure of Sr2CuO2Cl2.
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and electron diffraction (ED) observations on the sample
was performed as shown in Fig. 2a and b. It can be seen
clearly in Fig. 2 that experimental results of HRTEM
and ED are in good agreement with the data of X-ray Riet-
veld refinement.

Fig. 3 shows the temperature dependence of the DC
magnetic susceptibility of Sr2CuO2+dCl1.2 sample in an
applied field of 20 Oe in both modes of zero-field cooling
and field cooling. The inset of Fig. 3 presents the tempera-
ture dependence of the resistivity of the sample. A super-
conducting transition with the bulk superconductivity
was evidently observed at Tc � 30 K.
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